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When  government  drawings,  specifications,  or  other  data  are  used  for  any  puiposeother  than  in  connection  with  a  definitely  related  government 
procurement  operation,  theUnited  States  Government  thereby  incurs  no  responsibility  whatsoever;  and  tie  fact  that  the  government  my  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifications,  or  otter  data,  is  not  to  beregarded  by  implication  orotherwise  as  in  any  manner 
licensing  tie  ho lderor  any  otter  person  or  corporation,  or  conveying  any  rights  orpermission  to  manufacture,  use,  or  sell  any  patented  invention  that 
may  in  any  way  be  related  thereto.  This  report  is  not  to  beused  in  whole  or  in  part  for  advertising  or  sales  purposes. 

AFPTEF  PROJECT  NO.  06-P-106 

TITLE:  Development  of  the  MQ-9  Reaper  Wings  Container 

ABSTRACT 

The  Air  Force  Packaging  Technology  &  Engineering  Facility  (AFPTEF)  was  tasked  with 
the  design  of  a  new  shipping  and  storage  container  for  the  MQ-9  Reaper  wings  in  March 
of  2006.  The  previous  container  did  not  adequately  satisfy  user  needs  and  Air  Force 
requirements.  A  main  problem  was  that  it  was  designed  for  an  MQ-9  Reaper  fuselage, 
wings,  and  tails  combined,  which  exceeded  the  10,000  lb  Air  Force  requirement  for 
available  ground  support  equipment.  AFPTEF  designed  a  smaller  container  for  only  the 
wings  and  tails  and  a  separate  container  for  the  fuselage  in  order  to  bring  container 
weights  down  under  the  10,000  lb  upper  limit.  Both  containers  feature  retractable  casters 
for  rapid  C-130  deployment  and  easier  handling.  The  wings  container  features  a  wire 
rope  isolator  mounted  cradle  system  to  protect  the  wings  and  tails  (20G  fragility).  The 
desigp  reduces  required  ground  support  equipment  and  eliminates  hoisting  risk  to  the 
wings  by  allowing  wing  jack  usage  for  loading/unloading  the  wings. 

The  new  container,  CNU-699/E,  designed  with  SAE  ARP1967A,  is  an  aluminum,  long¬ 
life,  controlled  breathing,  reusable  shipping  and  storage  container.  CNU-699/E  protects 
theMQ-9  Reaper  wings  and  tails  mechanically  and  environment  ally  and  has  passed  all 
qualification  tests  per  ASTM  D4169. 
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INTRODUCTION 

BACKGROUND  -  The MO-9  Reaper  fuselage,  wings,  and  tails  were  shipped  and  stored 
in  a  single  fiberglass  container  that  required  a  forklift  with  greater  than  10k  rated 
capacity.  This  was  a  main  problem  due  to  limited  availability  of  ground  support 
equipment  (GSE)  at  some  operating  locations.  The  Air  Force  requirement  was  that  the 
MQ-9  Reaper  containers  be  able  to  be  handled  by  a  forklift  with  a  common  10k  rated  lift 
capacity.  This  prompted  theMQ-9  Reaper  program  office  and  AFPTEF  to  develop  a 
new  family  of  containers  for  storage  and  transportation  of  theMQ-9  Reaper  fuselage, 
wings  and  tails,  propeller,  and  QEC  engine.  In  addition  to  meeting  weight  requirements, 
it  was  an  opportunity  to  expand  and  enhance  the  capabilities  and  functionality  of  the 
containers  to  better  facilitate  the  Air  Force  users. 

REOI JTRFMENTS  -  AFPTEF  and  theMQ-9  Reaper  program  office  at  Wright -Patterson 
AFB  and  General  Atomics  agreed  upon  a  list  of  requirements.  The  requirements  are  as 
follows: 

•  Sealed/ controlled-breathing  container  that  protects  against  varied  environmental 
conditions  and  weather  during  either  inside  or  outside  shipping  and  storage 

•  Aluminum  construction 

•  Weight  under  10,000  lb 

•  Fuselage  shock/vibration  limited  to  20  Gs 

•  Retractable  caster  system 

•  T ransp  ortable  on  current  C- 1 30  aircraft 

•  Accommodate  both  wings,  both  diagonal  tails,  and  the  vertical  tail. 

•  Reusable  and  designed  for  long  life  (20  years) 

•  Low  maintenance 

•  Field  rep  airabl  e  hardware 

•  Forklift  capabilities 

DEVELOPMENT 

DESIGN  -  TheMQ-9  Reaper  wings  shipping  and  storage  container  (CNU-699/E)  design 
(Appendix  2,  Figures  1,  2,  &  3)  meets  all  the  users’  requirements.  The  CNU-699/E  is  a 
sealed,  welded  aluminum,  controlled  breathing,  reusable  container.  The  container  is 
engineered  for  the  physical  and  environmental  protection  of  the  wings  and  tails  during 
worldwide  transportation  and  storage.  The  container  consists  of  a  base  (Appendix  2, 
Figures  2  &  3),  wings  and  tails  cradle  mounting  system,  and  completely  removable  cover 
equipped  with  the  special  features  listed  below. 

The  base  is  a  one  piece  skid/double  walled  base  extrusion  with  forklift  openings, 
humidity  indicator,  pressure  equalizing  valve  (1.0  psi  pressure/  l.Opsi  vacuum),  and 
desiccant  port  for  easy  replacement  of  desiccant  (controls  dehumidification).  The 
extrusions  that  make  up  the  base  of  this  container  and  the  ones  integrated  into  the  cover 
are  new  designs  that  maintain  the  usability  and  functionality  of  standard  base  designs  but 
are  stiffer  in  all  directions.  A  silicone  rubber  gasket  and  quick  release  cam-over-center 
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latches  create  a  water/ air-tight  seal  at  the  base-cover  interface.  The  cover  is  removable 
with  built  in  and  fully  enclosed  forklift  pockets.  During  cover  removal,  four  corner  guide 
posts  keep  the  cover  away  from  the  wings  and  tails.  These  fold  down  to  facilitate  wings 
and  tails  loading/unloading.  The  wings  are  positioned  with  the  bottom  of  each  wing 
facing  the  outside  of  the  container  (Appendix  2,  Figure  2)  to  allow  use  of  wing  jacks 
(Appendix  2,  Figure  1 1),  which  is  a  new  container  capability  that  allows  each  wing  to  be 
removed  from  the  container  and  installed  on  the  aircraft  with  the  same  piece  of  ground 
support  equipment. 

The  cradle  is  designed  to  support  each  of  the  two  wings  at  three  locations  along  the  wing 
surface  and  one  location  on  a  wing  spar,  each  of  the  two  diagonal  tails  at  two  locations 
along  the  tail  surface  and  one  location  on  a  wing  spar,  and  the  vertical  tail  in  a  foam  lined 
aluminum  box.  The  cradle  is  suspended  in  the  base  by  eight  stainless  steel  wire  rope  coil 
isolators  that  protect  the  wings  and  tails,  keeping  the  response  from  shock  and  vibration 
below  the  20G  fragility  requirement. 

Each  wing  surface  support  location  fully  encloses  the  wing  with  foam  lined  and  partially 
removable  structures  that  are  secured  by  cam  buckle  straps.  There  are  three  basic 
components  at  each  of  the  wing  surface  support  locations:  a  lower  section  that  the  wing  is 
lowered  into  (Appendix  2,  Figure  14)  with  the  wing  jacks,  an  adjustable  inner  A-frame 
support  (Appendix  2,  Figure  15),  and  a  removable  L-frame  support  (Appendix  2,  Figure 
16)  that  is  held  in  place  with  a  cam  buckle  strap  (Appendix  2,  Figure  17).  The  wing  spar 
support  has  apost  that  interfaces  with  the  sparpin  holes;  the  spar  is  also  tied  down  with  a 
cam  buckle  strap  (Appendix  2,  Figure  18). 

The  diagonal  tails  and  the  vertical  tail  are  positioned  in  the  center  of  the  cradle  between 
the  two  wings  (Appendix  2,  Figures  12  &  13).  Similar  to  the  spar  supports  used  for  the 
wings,  tail  spar  holes  interface  with  a  post  and  are  held  in  place  by  cam  buckle  straps 
(Appendix  2,  Figure  19).  Two  of  the  three  A-frame  wing  supports  have  a  secondary 
purpose  to  capture  the  diagonal  tails  which  pass  through  the  center  of  them  (Appendix  2, 
Figure  20).  These  two  A-frames  open  in  the  center  and  are  removable  in  order  to  access 
and  remove  the  diagonal  tails.  The  foam  lined  aluminum  box  that  encloses  the  vertical 
tail  closes  securely  with  a  cam  over  center  latch  (Appendix  2,  Figure  21). 

For  rapid  C-130  deployment  capability,  a  retractable  caster  system  was  developed  so  that 
the  container  could  roll  onto  a  C-130  then,  subsequently ,  since  the  container  is  narrow 
enough  for  a  walkway  along  the  side,  the  casters  could  be  retracted  to  either  set  the 
container  on  blocks  or  lower  the  container  directly  onto  the  floor  of  the  aircraft.  This 
system  was  designed  to  operate  under  the  full  load  of  the  container  weight  without  any 
external  lifting  device.  (Appendix  2,  Figures  9  &  10) 

Container  external  dimensions  are  430.0  inches  length,  59.0  inches  width,  and  76.8 
inches  height  (88.8  inches  with  casters  lowered).  Container  empty  weight  is  5550  pounds 
and  6750  pounds  with  the  wings  and  tails  in  place. 
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MQ-9  REAPER  WINGS  CONTAINER 

FEATURES 

Pressure  Equalizing  Valve 

4 

Humidity  Indicator 

1 

Desiccant  Port 

1 

Document  Receptacle 

None 

Forklift  able 

Yes 

Cover  Latches 

58 

Cover  Lift  Handles 

None 

Cover  Lift  Rings 

None 

Cover  Tether  Rings 

None 

Base  Lift  Handles 

None 

Base  Tie-down  Rings 

20 

Stacking  Capability 

No 

PROTOTYPE  -  One  exterior  container  was  prototyped  for  testing  the  fuselage  and  wing 
configurations.  AFPTEF  retrofitted  the  fuselage  prototype  container  (CNU-697/E)  and 
transformed  it  into  the  wings  prototype  container  (CNU-699/E)  for  testing.  The  interior 
cradle  and  mounting  system  was  fabricated  in  house.  The  prototype  container  was 
fabricated  in  accordance  with  (IAW)  all  requirements  and  tolerances  of  the  container 
drawing  package.  The  drawing  package  used  for  prototype  fabrication  has  been  released 
for  the  manufacture  of  production  quantities  of  the  container.  Each  face  of  the  container 
was  uniquely  identified  for  testing  identification  as  shown  below. 


DESIGNATED 

CONTAINER 

SIDE 

FEATURE 

Top 

Cover  T  op 

Aft 

Desiccant  Port 

Right 

Right  Side  from  Aft 

Left 

Left  Side  from  Aft 

Forward 

Opposite  Aft 

Bottom 

Base  Bottom 

QUALIFICATION  TESTING 

TEST  LOAD  -  One  set  of  non-rep airable  wings  and  tails  (Appendix  2,  Figures  2  &  3) 
comprised  the  test  load.  The  wings  and  tails  were  mounted  in  the  support  cradle  as  for 
transportation.  A  vertical  tail  was  not  available  for  testing  so  an  appropriate  amount  of 
weight  was  placed  in  the  vertical  tail  enclosure  instead.  The  test  load  weight  was  1200 
pounds. 
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TEST  PLAN  -  The  test  plan  primary  references  were  ASTM  D  4169  and  SAE  ARP  1967 
(Appendix  1).  The  test  methods  specified  in  this  test  plan  constituted  the  procedure  for 
performing  the  tests  on  the  container.  The  performance  criteria  for  evaluation  of 
container  acceptability  were  specified  at  20  Gs  maximum  and  an  initial  and  final  leak  rate 
of  0.05  psiper  hour  at  1.0 psi.  These  tests  are  commonly  applied  to  special  shipping 
containers  providing  rough  handling  protection  to  sensitive  items.  The  tests  were 
performed  at  AFPTEF,  Building  91,  Area  C,  Wrigkt-Patterson  AFB. 

ITEM  INSTRUMENTATION  -  The  test  load  was  instrumented  with  a  piezoelectric 
triaxial  accelerometer  (Appendix  2,  Figure  4).  Since  the  cradle  is  desigyed  for  multiple 
items,  the  accelerometer  was  mounted  on  the  horizontal  face  of  the  central  cradle  support 
beam,  directly  below  the  test  mass  center  of  gravity  of  the  system.  This  was  done  instead 
of  instrumenting  any  one  or  multiple  items.  Accelerometer  axis  orientations  were  as 
follows: 

X  Axis  -  Directed  through  container  Forward  and  Aft  (desiccant  port)  sides. 

Y  Axis  -  Directed  through  container  Left  and  Right  sides. 

Z  Axis  -  Directed  through  container  Top  and  Bottom  sides  (vertical  motion). 

See  Appendix  4  for  detailed  information  on  the  accelerometer  and  other  instrumentation. 

TEST  SEQUENCES  -  Note:  All  test  sequences  were  performed  at  ambient  temperature 
and  humidity,  unless  otherwise  noted  in  the  test  procedure. 

TEST  SEQUENCE  1  -  Leak  Test 

Procedure  -  The  desiccant  port  cover  was  removed  and  replaced  with  a  port  cover 
modified  for  attachment  of  the  digital  manometer  and  vacuum/pressure  pump 
lines.  The  container  was  closed  and  sealed.  The  leak  test  was  conducted  at 
ambient  temperature  and  pressure.  Thepneumatic  pressure  leak  technique  was 
used  to  pressurize  the  container  to  a  minimum  test  pressure  of  1.0  psi.  Maximum 
allowable  leak  rate  is  0.05  psi  per  hour.  (Appendix  2,  Figure  5). 

Results  -  This  test  was  performed  once,  prior  to  the  start  of  fuselage  confi gyration 
testing  with  this  container.  The  test  could  not  be  performed  because  during 
fuselage  configuration  testing,  welds  on  the  tie  down  ring  mounts  failed  as  a  result 
of  a  fabrication  error.  The  ring  mount  welds  were  not  completed  in  accordance 
with  the  drawing  package.  The  weld  failure  caused  the  ring  mounts  to  bend  and 
crack  the  container  wall,  which  caused  leaks.  The  container  passed  the  leak  test 
prior  to  all  testing  with  a  leak  rate  less  than  the  maximum  allowed  rate  of  0.05  psi 
per  hour. 

TEST  SEQUENCE 2  -  Vacuum  Retention  Test 

Procedure  -  The  desiccant  port  cover  was  removed  and  replaced  with  a  port  cover 
modified  for  attachment  of  the  digital  manometer  and  vacuum/pressure  pump 
lines.  The  container  was  closed  and  sealed.  The  vacuum  retention  test  was 
conducted  at  ambient  temperature  and  pressure.  The  air  inside  the  container  was 
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evacuated  to  a  minimum  vacuum  of  -1.0  psi.  Maximum  allowable  pressure 
increase  rate  is  0.05  psiper  hour.  (Appendix 2,  Figure  5). 

Results  -  This  test  was  performed  once,  prior  to  the  start  of  fuselage  configuration 
testing  with  this  container.  The  container  passed  the  vacuum  retention  test  prior 
to  all  testing  with  a  pressure  increase  rate  less  than  the  maximum  allowed  rate  of 
0.05  psiper  hour. 

TEST  SEQUENCE  3  -  Rotational  Drops 

Procedure  -  A  drop  height  of  12  inches  was  used  to  perform  four  corner  and  four 
edge  drops  onto  a  smooth  concrete  surface,  and  the  impact  levels  were  recorded. 
The  maximum  allowed  impact  level  for  the  item  was  20  Gs.  (Appendix  2, 

Figures  6,  7,  &  8) 

Results  -  All  of  the  recorded  impact  peak  G  data  (filtered)  was  less  than  the 
maximum  allowed  20  Gs.  The  accelerometer’s  location  on  the  cradle  support 
beam  resulted  in  the  recording  of  excessive  noise  (ringing)  for  each  impact,  which 
severely  obscured  the  impact  waveform.  All  waveform  data,  therefore,  was 
filtered  at  frequencies  ranging  from  100  Hz  to  152  Hz  as  appropriate  for  that 
waveform.  The  filter  frequency  for  each  complex  shock  pulse  was  conservatively 
calculated  as  10  times  the  base  frequency  of  the  shock  pulse.  There  was  no 
damage  to  either  the  container  or  the  test  mass  due  to  the  impacts.  The  container 
met  the  test  requirements.  (Appendix  3,  Table  1  and  Waveforms.) 

TEST  SEQ  UENCE  4  -  Leak  Test 

Procedure  -  Repeat  Test  Sequence  1. 

Results  -  As  described  in  Test  Sequence  1,  this  test  could  not  be  performed. 

TEST  CONCLUSIONS  -  No  damage  was  caused  by  the  above  testing  to  the  container, 
isolation  system  or  test  item.  All  impact  levels  were  below  the  item  fragility  limit  of 
20Gs.  Therefore,  the  container  and  mounting  system  do  provide  adequate  protection  for 
the  wings  and  tails. 

FIT  &  FUNCTION  TESTING 

Fit  and  function  testing  for  the  wings  and  tails  was  completed  on  site  at  General  Atomics’ 
facility  in  Palmdale,  CA.  A  production  set  of  wings  and  tails  was  loaded  into  the 
container  cradle  and  checked  for  fit.  (Appendix  2,  Figure  11,  12,  &  13) 

Since  a  C-130  loading  test  was  performed  on  site  at  Wright-Patterson  AFB  for  the 
fuselage  container,  which  is  the  identical  exterior  container  and  weighs  more,  the  test  was 
not  performed  again  for  the  wing  configuration.  The  C-130  loading  test  for  the  fuselage 
container  consisted  of  loading  the  container,  with  fuselage  mass  simulator  in  place,  into 
an  actual  C-130  with  a  typical  interior  configuration.  The  loaded  container  was  rolled  up 
the  aircraft  ramp  and  onto  the  aircraft  by  winching.  After  successful  loading,  the 
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retractable  caster  system  was  used  to  lower  the  container  onto  blocking  and  bracing.  It 
was  then  unloaded  in  reverse  order.  (Appendix  2,  Figures  9  &  10) 

CONCLUSIONS 

No  damage  occurred  as  a  result  of  the  above  testing  to  the  container,  mounting  system  or 
test  load.  There  was  no  evidence  of  any  contact  or  impact  between  the  test  load,  cradle, 
container  walls,  or  cover.  All  impact  levels  are  below  the  item  fragility  limit  of  20  G’s. 
The  CNU-699/E  aluminum  container  was  accepted  by  the  Predator  Program  Office  at 
Wright -Patterson  AFB.  The  container  met  all  the  user’s  requirements.  The  container  can 
protect  a  set  of  MQ-9  Reaper  wings  and  tails  during  world- wide  transportation  and 
storage  and  will  likely  save  the  Air  Force  tens  of  thousands  of  dollars  in  O&M  costs. 

RECOMMENDATIONS 

AFPTEF  recommends  that  new  containers  be  procured  immediately  and  delivered  to 
avoid  damage  to  MQ-9  Reaper  wings  and  tails  currently  in  the  logistics  cycle,  thus 
mitigating  overall  shipping  risks.  All  fiberglass  containers  for  the  M  Q-9  Reaper  should 
be  replaced.  New  containers  should  be  procured  as  needed. 
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if  PACKAGING  TECHNOLOGY  AND  ENGINEERING  FACILIT 
(Container  Test  Plan) 


CONTAINER  SIZE  (LxWx  D)  (IN) 

INTERIOR:  EXTERIOR: 


1127.6 


MANUFACTURER: 


CONTAINER  COST: 


425X54X72.5  430X59X76.8 


ITEM  NAME: 

MQ-9  Reaper  Wings  Container 


CONTAINER  NAME: 

Reusable  Shipping  &  Storage  Container 


PACK  DESCRIPTION: 

Extruded  Aluminum  Cntr.,  Aluminum  Cradle,  Test  Load  of  Reaper  Wings  and  T ails 


CONDmONING: 

As  noted  below 


AFPTEF  PROJECT  NUMBER: 

06-P-1 06 

QUANTITY: 

DATE: 

1 

19  Dec  07 

REF  STD/SPEC 

TEST  AND  TEST  METHOD  OR 
N0-  PROCEDURENO'S 


1-  I  Examin 


SAE  ARP  1967 
Par.  4.5.1 
Table  I 


TEST  TITLE  AND  PARAMETERS 


NOTE 

No  damage  to  contents  is  acceptable  and 
Package  must  be  in  serviceable  condition. 
Serviceable  means  remains  sealed,  with  no 
deformities,  etc. 


Quality  Conformance  Tests 


Container  shall  be  carefully  examined  to 
determine  conformance  with  material, 
workmanship,  and  requirements  as 
specified  in  Table  and  drawings. 


CONTAINER 

ORIENTATION 


INSTRU¬ 

MENTATION 


Ambient  temp. 


Visual 

Inspection  (VI) 


2.  Weiq  ht  Test. 

SAE  ARP  1967 
Par.  4.5.8.3.7 


Container  shall  be  weighed. 


Ambient  temp. 


PREPARED  BY: 

Matthew  P.  Bozzuto,  Mechanical  Enaineer 


APPROVED  BY: 

Robbin  L.  Miller,  Chief  AFPTEF 
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F  PACKAGING  TECHNOLOGY  AND  ENGINEERING  FACILITY 
(Container  Test  Plan) 


CUBE  (CU.FT) 


CONTAINER  SIZE  (L  x  W  x  D)  (IN) 

INTERIOR:  EXTERIOR: 

425  X54  X  72.5  430  X  59  X76.8 


1127.6 


MANUFACTURER: 


CONTAINER  COST: 


ITEM  NAME: 

MQ-9  Reaper  Wings  Container 


CONTAINER  NAME: 

Reusable  Shipping  &  Storage  Container 


PACK  DESCRIPTION: 

Extruded  Aluminum  Cntr.,  Aluminum  Cradle,  Test  Load  of  a  Reaper  Wings  and  Tails 


CONDITIONING: 

As  noted  below 


AFPTEF  PROJECT  NUMBER: 

06-P-1 06 

QUANTITY : 

DATE: 

1 

19  Dec  07 

REF  STD/SPEC 
AND  TEST  METHOD  OR 
PROCEDURE  NO'S 


TEST  TITLE  AND  PARAMETERS 


Pneumatic  pressure  at  1.0  psi  and  vacuum 
retention  at  1.0  psi.  After  temperature 
stabilization,  pressure  drop  shall  not  exceed 
0 .05  psi  per  hour.  Perform  leak  test  again  at 
end  of  test  series. 


ntTem 


1M1" 


SAE  ARP1967A 
Par.  45.3 
ASTM  D4169 
ASTM  D6179 
Methods  A&B 


Drop  height  shall  be  1 2”.  Item  shall  not 
sustain  more  than  20G’s. 


CONTAINER 

ORIENTATION 


Ambient  temp. 


INSTRU¬ 

MENTATION 


Pressure 
Transducer  (PT) 


Ambient  temp. 

One  drop  on  all 
bottom  corners  (4 
drops)  and  one  drop 
on  all  edges  (4  drops). 


VI 

Tri- axial 
Accelerometer 
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APPENDIX  2:  Fabrication  &  Testing  Photographs 
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Figure  1 .  Closed  container  with  casters  extended. 


Figure  2.  Container  base  with  test  wings  and  tails  secured. 


11 


AFPTEF  Report  No.  08-R-08 
AFPTEF  Project  No.  06- P-1 06 
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Figure  3.  Container  base  with  right  test  wing  and  diagonal  tails  secured  (left  wing  and 

vertical  tail  removed) 


Figure  4.  Placement  of  primary  accelerometer  on  the  central 
cradle  support  beam  (looking  down  from  above). 
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Figure  5.  Pressure  test  set-up  (for  both  pressure  and  vacuum). 
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Figure  7.  Rotational  corner  drop  (view  from  fwd  end). 


Figure  8.  Rotational  edge  drop. 
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Figure  9.  Container  being  winched  up  the  C-130  ramp. 


Figure  1 0.  Container  loaded  on  the  C-130. 
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Figure  1 1 .  Wing  jacks  lowering  a  right  production  wing  into  the  container  base. 


Figure  1 2.  Container  base  loaded  with  production  wings  and  tails  (aft  end). 
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Figure  1 3.  Container  base  loaded  with  production  wings  and  tails  (fwd  end). 


Figure  14.  Lower  wing  cushion  (white)  and  helical  coil  shock  isolator. 
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Figure  1 5.  Adjustable  inner  A-frame  support  (removable  type). 


Figure  1 6.  L-frame  shown  in  open  and  removed  position  (CAD  rendered). 


18 


AFPTEF  Report  No.  08-R-08 
AFPTEF  Project  No.  06- P-1 06 


MQ- 9  Reaper  Wings  Container 


Figure  1 7.  Cam  buckle  strap  for  L-frame  tie  down  (1  of  6). 


Figure  1 8.  Wing  spar  tie  down  point  (CAD  rendered). 
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Figure  19.  Diagonal  tail  spar  tie  down  point  (shown  with  production  tail). 


Figure  20.  Fwd  A-frame  shown  in  the  open  position  (CAD  rendered). 
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Figure  21 .  Vertical  tail  box  shown  open  with  tail  removed  (CAD  rendered). 
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Table  1 .  Reaper  Wings  Impact  Test  Summary  (filtered  data) 


IMPACT  TYPE 

TEST 

TEMPERATURE 

IMPACT 

LOCATION 

RESULTANT 
PEAK  G 

ROTATIONAL  -  EDGE 

ambient 

forward-bottom 

14 

ROTATIONAL  -  EDGE 

ambient 

ai-bottom 

11 

ROTATIONAL  -  EDGE 

ambient 

let-bottom 

6 

ROTATIONAL  -  EDGE 

ambient 

11 

ROTATIONAL  -  CORNER 

ambient 

forward-let 

13 

ROTATIONAL  -  CORNER 

ambient 

14 

ROTATIONAL  -  CORNER 

ambient 

at-let 

9 

ROTATIONAL  -  CORNER 

ambient 

8 
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REAPER  WINGS 

ftWATIOISAI  DHOf  EE£T 

Tlitw  :  Dec  1 !+  2Gfl7  9 : 4?  Tnat  EJi-;inoci:  Evan; 

Typfl:  Pgint;  F?nf|cfl  edge 

PlMptJT  ttAftSfi  Htight:  12 

v  j^jLt  ll.lt:Hil|U  i**  H_  FiLlvr  *  i«  Hi 


PEM  fit  X:  t  3f:  -1  Z:  14  PMk  G*  affit :  14  Fllt«^d  at  ICO 

He. 

AEcelciaxctc-r  on  cantor  beun  of  cradle  . 

Ch  .  1«X  (forward-aft J  ;  C±i _ 3M  [l«f t— right J  j  CTh.  3"S 4 vortical)  . 

Aft  Site  ■  d«ai££4-nt  |H£t  irtd.  A*fci*rtt  Caf^Mt4£ulf#/h-«idiC,^, 

ASTH  Dil59P  AiTW  OS119,  SAt  AAff  19&T.  Acral.  5/B  l&ITH. 


Oil  f-vetehe  ,  3Hg.  cat  eve tek 
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REAPER  WINGS 

ROT  AT  10  HU  DROP  TEST 

Tuna:  Dm  19  2-JCi?  12:4-7  Tost  Engineer .  Evens 

Typm  -  tagfl  inpart  rvinft: 

Cfl*tairtM/Ifc«nE  fi*a£«  wiiiQi  height :  IS  inclias 


ReMJf  ks 

PEAK  fift  X:  3  ¥i  3  E  :  10  t*afc  A*  Reault-ant:  11,  at  120 

Hz  . 

Accel areiutez  □□  center  beam  a f  cradle. 

Ch  .  IhX  orward-ait  |  ;  Ch..  2"¥( left-right ]  ;  Ch  .  3«E  (vert ic-alh  . 

Aft  5id£  ■  dfralocAnt  p&t t  &Ad .  Mblaait  t*w#^at  atf*/  humidity , 

ASTH  Dflie?..  AiTH  B6179.  £A£  AHR  1967.  Accel  .  i/H  16473, 


£HI  SYSTEMS ,  INC,  CAT  SYSTEM 
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REAPER  WINGS 


ROTATIONAL  DROP  TEST 


Time: 

Test  Typer 
Container/ Item: 


Dec  19  2007  13:07 
Edge 

Reaper  Wings 


Test  Engineer: 
Impact  Point: 
Drop  Height: 


Evans 
Left  edge 
12  inches 


V.  Anglo :  69 . 22 ; H . Angle :  297.33; 


O 

Si  © 

i 

i  Ci 


in  j 

d"  tn 


/NY 


Ch .  Time 


Curr  Amp 


Peak  Amp 


1st  I  nt 


Time/Div  Hexp  Vexp 


1.07 

s 

0,20 

g's 

2.18 

g' s 

35.90 

In/s 

131 

mS 

1 

2 

1.07 

s 

0.23 

gr3 

5 . 24 

g's 

122 .68 

In/  s 

131 

mS 

1 

2 

1 . 07 

s 

-0,44 

g's 

5.52 

g's 

-17.42 

In/s 

131 

mS 

1 

2 

1*07 

s 

0*53 

g's 

5.78 

g's 

129.01 

I  n/  £ 

131 

mS 

1 

2 

rks 

Gs  X: 

2 

Y:  5 

Z ;  6 

Peak 

Gs 

Resultant 

:  6. 

Filtered  at  152 

Hz, 

O* 

<§)  3 

R 


Accelerometer  on  center  beam  of  cradle . 

Ch . 1=X (forward-aft) ;  Ch, 2= Y (left -right ) ;  Ch. 3=Z (vertical) . 
Ch4=Re suit ant . 

Aft  Side  =  desiccant  port  end.  Ambient  temperature /humidity , 
ASTM  04169^  ASTM  06179.  SAE  ARP  1967.  Accel,  S/N  16473, 


GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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REAPER  WINGS 

ftWATIOISAI  DHOf  EE£T 

Tlitw  :  Dec  1 !+  2007  11:32  Tilt  EJi-;inoci  :  Evans 

T*st  Type:  Ediju  PpAiwt !  EUght  edge 

lMp*f  ttirtda  Height:  12  i  FiChft  i 

y.  AfefU  iT.4-a:n,^I*  Hl.iT;  riliMi  *  Jfcv  Hi 
1 

r|  ffT 


Q1 


Ch. 

Tlo# 

Cuke 

Pink  JkriM 

III  I  r.E 

tio# DLu 

H^km  V-n-n-p 

5  „cs 

£ 

0-1 J 

i.a-n  «-* 

ltd  .  19  !n/i 

lit 

±aJ& 

1  1 

02 

i  .o-fl 

0.152 

-4.73  a 

-03  .so  ]l/a 

ill 

hi 

1  l 

L  ^  Q"  H 

-ia.91  :n,'i 

nO 

f  )  F 

l«4* 

5 

C.ll 

fl-sa 

iO.H 

£2^.24  !■/■ 

in 

f>0 

1  2 

Remark a 

PEA*,  fit  X:  J  r:  5  2:  S  PliX  Ga  Resultant:  11.  Filtered  At  ICO 

He. 

AECfliciaxctc-r  on  canter  beam  of  cra-JlD  . 

Ch  .  1«X  (forward-aft  J  ;  C±i  _  2W  [l«f  t— right  CTh.  3"E  4  verticil)  . 

Cb4-RMuik*nt  ■ 

Aft  Side  ■  daai^ct-nt  i»£t  ihd.  Asbieot  eaf^MtAtuee/hiMidi&y, 

ASTH  Dil59P  ALiTH  OS119,  SAE  AFJ  ig&T.  Accel.  5/B  I&4TH. 


Oil  5*STEK$,  3HC.  CAT  ZVF, TEH 
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REAPER  WINGS 

ftWATIOISAI  DHOf  EE£T 

Tlitw  :  Dec  1 !+  2007  12:3-0  Taat  Engineer  .; 

T*at  7yp*:  Ppiiwt; 

Cfl0tairt**/ItM:  PMp4t  Hoight: 

y.  w-a I ^  il  n.H  UM4;  FiLi*t  *  ite  h. 


Remarks 

FtAJ:  fit  X:  2  r:  5  2:  II  Peak  G*  Mflttltlftt:  13.  Altered  St  ICO 

He. 

AcccUioictcr  on  cantor  beam  of  cra-JlD  . 

Ch  .  1«X  (forward-aft  J  ;  C±i  _  3M  [laft— right  CTh.  3"S  4  vertical)  _ 
Ch4-R^#vtt4Jit  ■ 

Aft  Site  ■  daai^ca-nt  port  aad.  tafcieot  eaf^Mtatuee/hiMidic,^, 

ILSTH  d4159p  AiTH  QS1T9,  SAt  AFJ  ig&T.  Accel.  5/B  l&ITH. 


Oil  5*STEK$,  3HC.  CAT  ZVF, TEH 


Evans 

Forward  l*£t  coxn*r 
12  5  FiChft  i 
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REAPER  WINGS 

fteiJVT IONAL  DROP  test 


Tune :  Dec  1 !+  20fl7  Teat  Engineer.;  Evanj 

Typfl:  C^rnir  Pgint;  Fflrwin)  right  «BW 


RermrUa; 

FtAJ:  Ga  X:  3  Y:  5  2:  14  PMk  G*  Mflttltlftt:  14.  Filt«*d  it  110 

He. 

Accclciuittcr  on  canter  beun  of  cra-JlD  . 

Ch  .  1«X  (forward-aft J  ;  C±i _ 3M  [l«f t— right J  j  CTh.  3"E4 verticil)  . 
Cb4-RMuik*nt  ■ 

Aft  Site  ■  daai££4-nt  aad.  A*fci*ht  caf^Mt4£uif#/h-«Adic,^, 

JlSTH  d4159p  ASTH  OS119,  SXt  MB  19&T.  Accel.  5/B  I&4TH. 


Oil  5*STEK$,  3HC.  CAT  SVJITEK 
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REAPER  WINGS 

ROTATIONAL  DROP  TEST 

Time:  Dec  19  2007  12:53  Test  Engineer:  Evans 

Test  Type :  Corner  Impact  Point :  Aft  left  corner 

Container/ Item:  Reaper  Wings  Drop  Height:  12  inches 


V.  Angle:  65 . 27; H . Angle :  170.13;  Filter:  *  110  Hs 


Remarks 

PEAK  Gs  X:  3  Y:  3  S:  8  Peak  Gs  Resultant:  9,  Filtered  at  110  Hz, 
Accelerometer  on  center  beam  of  cradle « 

Ch . 1=X (forward-aft) ;  Ch. 2= Y (left -right ) ;  Ch. 3=S (vertical) , 

Ch4=Re suit ant . 

Aft  Side  =  desiccant  port  end.  Ambient  temperature /humidity , 

ASTM  D4169,  ASTM  D6179  .  SAE  ARP  1967.  Accel,  S/N  16473. 


GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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REAPER  WINGS 

ROTATIONAL  DROP  TEST 

Time:  Dec  19  2007  12:59  Test  Engineer:  Evans 

Test  Type:  Corner  Impact  Point:  Aft  right  corner 

Container/ Item:  Reaper  Wings  Drop  Height:  12  inches 


Remarks 

PEAK  Gs  X:  3  Y:  4  Z :  7  Peak  Gs  Resultant:  8*  Filtered  at  100  Hz, 
Accelerometer  on  center  beam  of  cradle* 

Ch, 1=X (forward-aft) ;  Ch, 2=Y (left*right) ;  Ch. 3=Z (vertical) . 

Ch4=Resultant . 

Aft  Side  =  desiccant  port  end.  Ambient  temperature /humidity, 

ASTM  D4169,  ASTM  D6179.  SAE  ARP  1967,  Accel,  S/N  16473, 


GHI  SYSTEMS,  INC.  CAT  SYSTEM 
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MQ- 9  Reaper  Wings  Container 
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PRESSURE  TEST  EQUIPMENT  -  Test  sequences  1  &  2 


EQUIPMENT 

MANUFACTURER 

MODEL 

SN 

CAL.  DATE 

Digital  Manometer 

Yokogawa 

2655 

82DJ6001 

Jun  07 

Digital  Manometer 

Yokogawa 

2655 

82DJ6009 

Jul  07 

ROUGH  HANDLING  TEST  EQUIPMENT  -  Test  sequence  3 


EQUIPMENT 

MANUFACTURER 

MODEL 

SN 

CAL.  DATE 

Shock  Amplifier 

Endevco 

27  75A 

ER34 

NA 

Shock  Amplifier 

Endevco 

27  75A 

ER33 

NA 

Shock  Amplifier 

Endevco 

27  75A 

EL81 

NA 

Item  A ccel  ero  met er 

Endevco 

2228C 

16473 

Sep  07 

Data  Acquisition 

GHI  Systems 

CAT 

Ver.  2.7.1 

N/A 
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DISTRIBUTION  LIST 


DTIC/O 

DEFENSE  TECHNICAL  INFORMATION  CENTER 
FORT  BELVOIR  VA  22060-6218 

591  SCMG/CL 

WRIGHT-PATTERSON  AFB  OH  45433-5540 
403  SCMS/CL 

WRIGHT-PATTERSON  AFB  OH  45433-5540 

418  SCM  S/GULAA A  (ATTN:  THELMA  LOOCK) 
7973  UTILITY  DR. 

BLDG.  1135 
HILL  AFB  UT  84056 

420  SCM  S/GUM  AA  (ATTN:  CAROL  BAXTER) 
7701  ARNOLD  ST. 

BLDG.  1,RM  112 
TINKER  AFB  OK  73145 

406  SCM  S/GUM  A  (ATTN:  WAYNE  OSBORN) 

375  PERRY  ST. 

BLDG.  255 

ROBINS  AFB  GA  31098 

658  AESS/LG  (ATTN:  GERALD  WILLIAMS) 

2640  LOOP  ROAD  WEST 
WRIGHT-PATTERSON  AFB  OH  45433-5540 

GENERAL  ATOMICS 
ATTN:  DAVID  LEVY 
16761  VIA  DEL  CAMPO  CT 
SAN  DIEGO,  CA  92127 


MQ-9  Reaper  Wings  Container 


35 


AFPTEF  Report  No.  08-R-08 
AFPTEF  Project  No.  06-P-106 


APPENDIX  6:  Report  Documentation 
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